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RF AMPLIFIER PROVIDING REDUCED DRIVE 
RESPONSE TIMES AND FALL TIMES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to ampli?ers. More 

speci?cally, the invention relates to ampli?ers having 
improved performance characteristics with high-speed 
switchingv waveforms, particularly by enhancement of 
rise times and fall times for high-speed digital signals. 

2. Related Art 
As appreciated by those skilled in the art, “Class C” 

de?nes a class of ampli?er which is non-linear, but 
highly power-ef?cient. Class C ampli?ers are suitable 
for phase modulation, frequency modulation, or 100% 
pulse modulation. 

Certain Class C ampli?ers include an amplifying de 
vice, such as a bipolar transistor, as well as “external” 
circuitry that surrounds the device so that the ampli?er 
as a whole performs its amplifying function. 
At the higher frequencies, such as UHF and beyond, 

the grounded or common base con?guration is the pre 
ferred con?guration, because it offers higher gain than 
the grounded emitter con?guration when using bipolar 
transistors. A common base ampli?er with shunt supply 
voltage feed is shown in FIG. 1. “RFC” means radio 
frequency choke, providing a short circuit DC path to 
supply or ground. 
For most applications, the speed at which such an 

ampli?er responds to an RF input is not too important. 
For example, when an RF input signal is applied to a 
Class C RF power ampli?er stage in a hand-held FM 
voice communication device, it is suf?cient that the 
ampli?er rise to its full output power before modulation 
is applied. In such applications, rise time may be as long 
as several hundred microseconds. Also, when the input 
signal is taken away (such as when reverting to the 
"receive” mode), fall time as long as several hundred 
microseconds is acceptable. In another example, FM 
broadcast transmitters are not concerned with enhanc 
ing rise time or fall time, because, as broadcast transmit 
ters, they are turned on or off only once per day or are 
perpetually on. Similarly, fast rise or fall time is not 
crucial in pulse modulation using Class C ampli?ers in 
radar applications, with a pulse width as short as one 
microsecond. If the ON time is considered to be from 
the 90% ON level to the 90% OFF level, the RF input 
pulse width may be adjusted to accommodate the slow 
response of the Class C ampli?er. . 
However, in the modulator disclosed in U.S. Pat. No. 

4,804,931 (Hulick), switched Class C ampli?ers respond 
to the commands of an analog-to-digital converter, the 
purpose of which is to have many ampli?ers power 
combined to synthesize an amplitude modulated output. 
In that patent, ampli?ers must respond to the ON/ OFF 
commands at a speed fast enough to avoid signi?cant 
switching distortion. If a digitized video signal derived 
from an analog television video signal having a 4.2 MHz 
bandwidth is sampled at a frequency at least twice this 
bandwidth, each Class C ampli?er may have to switch 
from OFF to ON to OFF in a total time span of no more 
than 119 nanoseconds. Clearly, Class C ampli?ers re 
quiring several microseconds or even several hundred 
nanoseconds to switch, cannot ?ll this need. Linear 
ampli?ers can be used in modulators such as that in U.S. 
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2 
Pat. No. 4,804,931, but linear ampli?ers are less power 
ef?cient and are therefore not a viable solution. 
FIG. 2 is an oscilloscope trace of the detected RF 

output of a typical high power Class C UHF transistor 
ampli?er driven with an input RF pulse having 10 ns 
rise and fall times. The circuit causing the illustrated 
output is a speci?c design derived from FIG. 1, using a 
60 watt device operating at 645 MHz. In the illustrated 
example, rise time deteriorates to 300 ns and fall time 
deteriorates to 125 ns. This deterioration is unaccept 
able in many applications, for reasons outlined above. 
FIG. 3 shows idealized waveforms for graphically 

demonstrating the rise time/fall time deterioration phe 
nomena, as a background for understanding the motiva 
tion behind edge enhancement. Waveform (a), an ideal 
ized RF input pulse, is assumed to be input to a typical 
Class C ampli?er, whose response is shown as output 
Waveform (b); rise time deterioration is t2—t1, and fall 
time deterioration is t4-t3. 
The FIG. 1 conventional circuit’s edge deterioration 

is believed to derive from the following causes. The 
transistor fails to turn on quickly because “on” bias must 
be derived from the input signal; until an input is ap 
plied, the transistor is biased off, causing deterioration 
in rise time. Conversely, fall time suffers because stored 
charge in the device must bleed on its own, because no 
help is provided with external circuitry. 

Various ampli?ers, and modi?cations and enhance 
ments to ampli?ers, are known in the art. U.S. Pat. No. 
4,644,293 (Kennett) discloses an RF pulse modulated 
ampli?er which transitions from Class A through Class 
AB to Class C operation. External circuitry is provided 
to sense the input signal and provide a control current 
which varies in accordance therewith. U.S. Pat. No. 
4,924,191 (Erb et al.) discloses an ampli?er having digi 
tal control over the operating point of several transis 
tors. Digital control circuitry is used to sense the input 
signal and the operating environment, and provide bias 
ing to the transistors. U.S. Pat. No. 4,460,876 (Najman) 
discloses an ampli?er which operates in a “sliding Class 
A” mode by varying the bias on the output transistor as 
a function of the amplitude of the input signal. Finally, 
U.S. Pat. No. 4,087,761 (Fukumoto et al.) discloses an 
ampli?er which can be operated in Class A, B, or AB by 
selectively switching bias values. The ampli?er contin 
ues to operate in a selected mode continuously until 
manually switched. These patents, as well as all docu 
ments cited in this speci?cation, are incorporated herein 
by reference as if reproduced in full. 

Unfortunately, none of the known systems provides a 
way of improving rise times and fall times which auto 
matically reacts to both rise time periods and fall time 
periods, so as to provide a self-adjusting compensation 
which improves rise times and fall times. It is to ?ll this 
need that the present invention is directed. 

SUMMARY OF THE INVENTION 

The invention provides an ampli?er circuit for en 
hancing (providing steeper) rise and fall times, espe 
cially suitable for use in conventional Class C bipolar 
transistor ampli?ers. 
The invention provides an ampli?er whose “Class” 

changes, based on a portion of a waveform being experi 
enced. More speci?cally, during the rise time, the am 
pli?er acts as a Class A ampli?er, and, during the fall 
time, is in cutoff. Operation during the middle of the 
pulse is normal Class C operation. 
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To achieve this end in a particular preferred embodi 
ment, a variable bias is provided, the variable bias being 
based on a reference voltage ultimately derived from 
the value of an input signal. 

Thus, the invention provides an enhancement circuit 
for enhancing the performance of a Class C amplifying 
device in an ampli?er, by reducing rise time deteriora 
tion and fall time deterioration experienced in response 
to an input signal having sharp rising and falling edges, 
the enhancement circuit causing the Class C amplifying 
device to function as a Class A ampli?er during the rise 
time of the input signal, and causing the Class C ampli 
fying device to function in cutoff during the fall time of 
the input signal. 
The invention further provides an ampli?er apparatus 

having a Class C amplifying device for amplifying an 
input signal having at least a ?rst level and a second 
level, the Class C amplifying device exhibiting a rise 
time deterioration and a fall time deterioration, in com 
bination with the enhancement circuit described above. 
The invention also provides a method of enhancing 

performance of a Class C amplifying device in an ampli 
?er, by reducing rise time deterioration and fall time 
deterioration experienced in response to an input signal 
having sharp rising and falling edges, the enhancement 
method including the steps of receiving the input signal; 
causing the amplifying device to operate as a Class A 
ampli?er during the rising edge of the input signal; and 
causing the amplifying device to operate in cutoff dur 
ing the falling edge of the input signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is better understood by reading the 
following Detailed Description of the preferred Em 
bodiments with reference to the accompanying drawing 
?gures, in which like reference numerals refer to like 
elements throughout, and in which: 
FIG. 1 illustrates a conventional (unenhanced) circuit 

topology to which may be applied the enhancement 
techniques according to the present invention. 
FIG. 2 illustrates on oscilloscope trace (horizontal 

scale, 100 ns per division) of an output pulse with 300 ns 
rise time and 125 ns fall time, from a typical 60 W Class 
C UHF bipolar power transistor when driven with an 
input pulse with 10 ns rise and fall times. 
FIGS. 3a-b show idealized waveforms for graphi 

cally demonstrating the rise time and fall time deteriora 
tion phenomena, as a background for motivating corre 
sponding edge enhancement requirements. Waveform 
(a), an idealized RF pulse is assumed to be input to a 
‘typical Class C amplifier, whose response is shown as 
Waveform (b); rise time deterioration is t1—t1, and fall 
time deterioration is t4-t3. 
FIG. 4 schematically illustrates functional elements 

of an enhancement circuit according to a preferred 
embodiment of the present invention. 
FIG. 5 is an oscilloscope trace of a reference voltage 

(the constant value trace) derived from an input pulse 
(also shown), the reference voltage determining the 
value at which comparator 704 (FIG. 4) changes state 
near the beginning of the fall time of the input signal. 
FIG. 6 shows an oscilloscope trace of a ?xed refer 

ence voltage (the constant value trace) input to a rise 
time comparator, a rising input square wave pulse (also 
shown) causing comparator 705 (FIG. 4) to change 
state when the reference voltage is crossed near the 
beginning of the rise time of the input signal. 
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4 
FIG. 7 is an idealized timing diagram showing the 

levels of the rise time and fall time reference voltages 
used by comparators 705 and 704, respectively, super 
imposed on a detected signal derived from the input 
signal. 
FIG. 8 illustrates an oscilloscope trace (horizontal 

scale is 100 ns/division) of a circuit having the same 
amplifying device as that shown in FIG. 2, but using a 
preferred rise time and fall time enhancement circuit 
according to the present invention. 
FIG. 9 is a detailed circuit diagram which is a pre 

ferred embodiment of the inventive circuit shown sche 
matically in FIG. 4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In describing preferred embodiments of the present 
invention illustrated in the drawings, speci?c terminol 
ogy is employed for the sake of clarity. However, the 
invention is not intended to be limited to the speci?c 
terminology so selected, and it is to be understood that 
each speci?c element includes all technical equivalents 
which operate in a similar manner to accomplish a simi 
lar purpose. 
The invention recognizes that, if a pulse of current is 

provided through the base-emitter junction of an ampli 
?er’s amplifying device at the moment input power is 
applied, and the pulse of current is maintained for the 
duration of an (otherwise) slow rise time, turn-on time 
for the device is reduced to essentially that of the input 
pulse. Likewise, if reverse bias voltage is applied to the 
base~emitter junction of the device at the moment that 
input is removed, stored charge is drained quickly, thus 
reducing the fall time to essentially that of the input 
pulse. 
The invention provides external circuitry to perform 

these two functions, preferred embodiments of which 
are described in detail below. Advantageously, the in 
vention provides circuitry that is automatic and self-ad 
justing. 

According to the present invention, the rise time in 
the Class C ampli?er response shown in FIG. 3 may be 
enhanced with an injection of base current during the 
time between t1 and t2. Also, the fall time is enhanced by 
forcing the base-emitter junction of the device to be 
reverse-biased during the time period between t3 and t4. 
FIG. 4 schematically illustrates a circuit that pro 

vides the base current pulse and reverse base-emitter 
junction voltage pulse thus described. 

Referring to FIG. 4, similar to FIG. 1, the RF input 
signal on input path 401 is received by an input match 
ing network 402. The output of the matching network 
402 is connected to the emitter of an npn transistor 400, 
with transistor 400 constituting the Class C amplifying 
device. An RF choke 404 shunts the emitter to ground. 
The base of transistor 400 is connected to ground 
through a parallel arrangement of a second RF choke 
406 and bypass capacitor 507. The collector of transis 
tor 400 is connected to an output matching network 
410, whose output constitutes the RF output 412 of the 
enhanced amplifying circuit. The collector is also con 
nected to the +V supply through a third RF choke 414. 
A preferred embodiment of the enhancement cir 

cuitry is shown schematically in FIG. 4. 
Input path 401 is connected through two resistors 

601, 602 to ground. The intermediate node between 
resistors 601, 602 is connected to the anode of a diode 
441. The cathode of diode 441 is connected to ground 
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through a parallel arrangement of a resistor 603 and a 
capacitor 501. 
A voltage comparator 701 is provided, having invert 

ing and non-inverting inputs. The voltage at the com 
parator inputs is derived from the cathode of diode 441, 
the node being indicated as node 420 for convenience. 
The voltage at node 420 drives a voltage divider includ 
ing resistors 604, 606, the intermediate node being con 
nected to the comparator’s non-inverting input. An 
other resistor 607 leads from the non-inverting input to 
+Vcc. The voltage at node 420 also drives a series 
combination of a resistor 605 and a capacitor 502, with 
the intermediate node therebetween being connected to 
the comparator’s inverting input. 
Comparator 701 drives a series arrangement of in 

verter 702, a capacitor 503, and a resistor 608, to 
ground. The node between capacitor 503 and resistor 
608 is connected to the control input of a switch 451. 
When its control input is high, switch 451 connects 
node 420 to a series arrangement of two sets of parallel 
RC pairs, the series arrangement leading to ground. 
Parallel RC pair 610, 504 form an intermediate node 
with parallel RC pair 614, 505 which intermediate node 
drives the non-inverting input of an operational ampli 
?er 703. The output of operational ampli?er 703 is fed 
back to its inverting input, so that it essentially functions 
as a voltage follower for isolation purposes. 

Operational ampli?er 703 drives the inverting input 
of a voltage comparator 704, whose non-inverting input 
receives the voltage on node 420. Node 420 is also con 
nected to the non-inverting input of another voltage 
comparator 705. The inverting input of the voltage 
comparator 705 is driven by the intermediate node of a 
voltage divider including resistors 611, 612 extending 
between +Vcc and ground. For future reference, the 
respective outputs of comparators 704, 705 are referred 
to as V, and V1,. 
A series arrangement of inverters 706, 707, 708 are 

provided at the output of voltage comparator 705, for 
receiving V1,. The outputs of inverters 707, 708 control 
respective switches 452, 453, which switches respec 
tively receive Va and V1,. In this arrangement, either V1 
or V), drives the input of a buffer element 709. Buffer 
element 709 drives the base of RF ampli?er transistor 
400 via a resistor 621 and a capacitor 506. 
A description of circuit operation follows. It is as 

sumed that each active circuit element (the voltage 
comparators, logic inverters and operational ampli?er) 
exhibits an 8 ns delay. It is further assumed that the 
input matching network 402 provides a perfect impe 
dance match for RF ampli?er transistor 400: that is, no 
reflections appear at the RF input port 401. 
Comparators 701, 702, switch 451 and operational 

ampli?er 703 and surrounding components establish a 
self-adjusting fall time reference voltage for the invert 
ing input of comparator 704. 
More speci?cally, the RF input power voltage is 

divided by resistors 601 and 602 to an arbitrary low 
voltage (such as 1.0 volt). The divided voltage is peak 
detected by diode 441. Diode 441 detects the input 
pulse, causing an envelope voltage to appear across 
capacitor 501. Resistor 603 discharges capacitor 501 to 
ground, between input pulses. 
A portion of the input pulse instantaneously appears 

at the node between resistors 604 and 606, because no 
capacitance is associated with this resistive divider 604, 
606. However, the voltage at the intermediate node 
between 502 and 605 starts from zero at the beginning of 
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6 
a detected input pulse, causing the inverting input of 
voltage comparator 701 to initially see a lower voltage. 
than at the non-inverting input. This signal comparison 
causes the output of comparator 701 to remain at a logic 
high until capacitor 502 charges to a voltage value 
greater than that at the non-inverting input. The RC 
time constant of resistor 605 and capacitor 502 is chosen 
so that the output of comparator 701 changes from a 
high state to a low state after the detected input pulse 
reaches its full rising edge, near the top of the envelope. 

Inverter 702 inverts the output of comparator 701. 
The output of inverter 702 changes to a high state after 
the input pulse has reached its maximum value. When 
inverter 702 changes to a high state, switch 451 receives 
a positive pulse of short duration (10-20 nanoseconds) 
through capacitor 503, causing switch 451 to close. The 
voltage value at the maximum or top of the detected 
input pulse (on node 420) instantaneously charges ca 
pacitors 504 and 505. When the short pulse at the con 
trol input (gate) of switch 451 disappears after capacitor 
503 is charged, switch 451 opens and the detected pulse 
voltage is retained across capacitors 504 and 505. 
The relative values of capacitors 504 and 505 are 

chosen to be about 10:1 so that 90% of the detected 
pulse value appears across capacitor 505. Resistors 610 
and 614 are high-value resistors placed in parallel with 
capacitors 504 and 505, respectively, but inverse in 
relative value to allow the same voltage division. These 
resistors serve to bleed the retained voltage from capac 
itors 504 and 505, if the time between detected RF drive 
pulses is long and the detected pulse peak level should 
change with time. The voltage across capacitor 505 
serves as a voltage comparator reference for compara 
tor 704 (after isolation buffering by operational ampli 
?er 703 to prevent loading of capacitor 505). 
An oscilloscope trace of the DC voltage across ca 

pacitor 505, which is derived from an actual input pulse, 
is shown in FIG. 5, superimposed with a trace of the 
signal on node 420. Comparator 704 changes from a 
high state to a low state when the comparator’s non 
inverting input pulse falls below the derived reference, 
near the beginning of its fall time. 

Similar to the reference voltage arrangement de 
scribed above, another voltage divider, this one includ 
ing resistors 611 and 612, establishes a reference voltage 
near zero volts for voltage comparator 705. When there 
is no input pulse, or between input pulses, the detected 
pulse voltage is zero and the output of comparator 705 
is low. Near the beginning of the input pulse, the volt 
age detected at the non-inverting input of comparator 
705 soon exceeds the ?xed reference at the inverting 
input, thus causing the output of comparator 705 to 
change state. 
These two inputs to voltage comparator 705 are 

shown in FIG. 6. Comparator 705 changes from a low 
state to a high state when the comparator’s non-invert 
ing input rises above the reference voltage, near the 
beginning of its rise time. 
FIG. 7 is an idealized timing diagram showing the 

signal at node 420, with the relative placement of the 
rise time and fall time reference voltages used by com 
parators 705 and 704, respectively. Based on the forego 
ing discussion, comparators 705 and 704 may be termed 
rise time comparator and fall time comparator, respec 
tively. 

It will be appreciated by those skilled in the art that 
an input-derived reference voltage is used for input to 
the fall time comparator 704 only, because an ideal 
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crossover magnitude will be different, for different 
input signal magnitudes. In contrast, the same constant 
reference voltage, that derived from a simple voltage 
divider, may be used for the rise time comparator 705, 
because the ideal crossover magnitude will not be sub 
stantially different, for different input signal magni 
tudes. Of course, the illustrated embodiment may be 
modi?ed in accordance with principles known to those 
skilled in the art, while still remaining within the scope 
of the invention. 
The portion of the circuit between the rise and fall 

time comparators 705, 704, and buffer 709, is best de 
scribed by means of a truth table, shown in the follow 
ing Table I. 

In Table I, voltage values at various points in the 
circuit of FIG. 4 are de?ned at various times tothrough 
t5 shown in FIG. 7. An 8 ns delay for each active ele 
ment is assumed in the accompanying discussion. 

TABLE I 

to t1 12 t3 14 t5 

Va (704) X X H L L X 
Va (705) L H x x x L 
V: (706) H H L L L H 
Vd (707) L L H H H L 
c, (708) H H L L L H 
709 L H H L L I. 

“11'' denotes high logic state; "1." denotes low logic state: and “X" denotes "don‘t 
we“. 

The input logic signal to buffer 709 switches high 
when the node-420 (non-inverting) input to rise time 
comparator 705 crosses the rise time reference voltage 
(at the inverting input), and switches low again when 
the node-420 (non-inverting) input to fall time compara 
tor 704 crosses its fall time reference (at the inverting 
input). The former switching occurs when V, (the out 
put of inverter 708) is high and V1, changes to high (at 
time t1). The latter case occurs when Vd (the output of 
inverter 707) is high and Va changes to low (at time t3). 
Thus, though it may at ?rst appear that a short circuit is 
possible when (A) both switches 452 and 453 are closed 
and (B) Va and Vb are opposite in polarity, in fact, the 
previous analysis shows that both conditions (A) and 
(B) cannot simultaneously exist. 

Buffer 709 may be simply implemented as a current 
ampli?er providing an output corresponding to the 
logic level of its input. As the buffer changes to a high 
state during rise time, then capacitor 506, being un 
charged, initially looks like a short circuit, passing curj 
rent through resistor 621 into the base-emitter junction 
of the ampli?er transistor 400. 

Elements 704-709 and associated circuitry provide a 
current control signal at the output of buffer 709, to 
ensure that the operation of transistor 400 is governed 
strategically, in accordance with the principles of the 
invention. In particular, the output of buffer 709 oper 
ates with discrete components associated with the tran 
sistor, to ensure operation in Class A during the rising 
edge of the input pulse at 401, normal (substantially 
unaltered) operation during the “plateau” of the input 
pulse, and operation in cutoff during the falling edge of 
the input pulse. In particular, the discrete components 
including capacitor 506 act as a differentiator to mathe 
matically differentiate (take the ?rst derivative of) the 
current control signal output by the buffer 709. In re 
sponse to the pulse output by the buffer, the differenti 
ator ?rst provides a positive impulse of current to the 
amplifying device during the rising edge of the input 
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signal, and then provides a negative impulse during the 
falling edge. 

Special reference is made to FIG. 7. The RC time 
constant of capacitor 506 and resistor 621 (FIG. 4) is 
chosen to be large enough to allow sufficient time for 
base current to flow until transistor 400 would normally 
be turned on by an RF input signal. The discrete com 
ponents function as a differentiator acting on the cur 
rent control signal from buffer 709. Therefore, during 
the rise time (t1 to tzin FIG. 7), the base of transistor 400 
is given a decaying pulse of current that is limited by 
resistor 621. After a su?iciently long time, the transis 
tor’s base current from buffer 709 goes to zero as capaci 
tor 506 charges and RF choke 406 functions as a DC 
short circuit. In this manner, the base of transistor 400 is 
given a rise time current pulse causing the transistor to 
function as a Class A ampli?er for a chosen period of 
time, thus enhancing rise time of the ampli?er apparatus 
as a whole. 
Then, after the rise time pulse but before the fall time, 

the transistor reverts to operation as a Class C ampli?er. 
Finally, when the output of buffer 709 falls to its low 

state, the input to the transistor 400|begins to fall, and 
the positive side of capacitor 506 is grounded through 
resistor 621 and buffer 709. Because RF choke 406 once 
again initially appears as an open circuit, reverse bias is 
applied through RF choke 404 across the transistor's 
base~emitter junction. This reverse bias pulls stored 
charge out of the base region, resulting in fast fall time 
due to fast tum-off of transistor 400. 

Values of other circuit elements in FIG. 4 may be 
chosen with the following points in mind. The value of 
capacitor 507 is small compared to that of capacitor 506; 
being only for RF bypassing, it is of little functional 
consequence. The value of RF choke 406 is much larger 
than that of RF choke 404, as the former must initially 
look like an open circuit. However, the base current 
flows to the emitter and through RF choke 404 to 
ground, until capacitor 506 is charged and RF choke 
406 has become a short circuit. 
FIG. 8 is an oscilloscope trace illustrating the “en 

hanced" rise and fall times provided by the preferred 
embodiment of the invention, as compared with the 
unenhanced results shown in FIG. 2. Rise time is im 
proved substantially, from 300 ns to 25 us, while fall 
time is likewise improved substantially, from 125 ns to 
25 ns. 
FIG. 4, described above, is presented as a functional 

block diagram. A more detailed practical embodiment 
is shown in FIG. 9. Unless otherwise indicated, element 
designators in FIG. 4 translate to FIG. 9 without 
change, and may be assumed to have the same value and 
function. 

In FIG. 9, an RF delay line 901 has been speci?cally 
illustrated, showing how to ensure that rise time and fall 
time pulses arrive at the correct respective times, when 
transistor 400 actually receives its RF input signal and 
when it is actually taken away. This addition is pro 
vided because the RF delay to arrival at transistor 400 
could be different from the logic delay passing through 
the enhancement circuit. 
Comparators 701, 704, and 705 are preferably fast 

voltage comparators, and may be implemented by 
MAXIM type MAX903 or equivalent. Operational 
ampli?er 703 is preferably a slow JFET operational 
ampli?er with near-in?nite input impedance. 
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A diode 443 prevents the gate of switch 451 from 
receiving a negative spike when transistor 702 (operat 
ing as an inverting switch) closes. 
Another diode 442 prevents transistor 702 from satu 

rating when ON, so that it is quick to become an effec 
tive open circuit as the output of comparator 701 goes 
low. Diodes 444 and 445 serve the same purpose as 
diode 442, as transistors can form an open circuit much 
faster when non-saturated than when saturated. 

Switches 451, 452, 453, 707 may be implemented 
using a quad analog bilateral CMOS’switch. Since only 
the ?rst three switches are used for switching in the 
common sense of the word, “switch” 707 is used in an 
inverter con?guration. 

Resistor 620 is a fast pull-down resistor for the buffer 
current driver, applied to the input of ‘buffer 709 so that 
it transitions to a low state quickly at the fall time cross 
over point (see FIG. 5). 

Resistor 607 prevents any ambiguity from being pres 
ented‘ to the input of comparator 701 in the absence of a 
detected input pulse. It is provided for the following 
reason. When there is no input pulse, both inputs to 
comparator 701 would be zero volts. Resistor 607 pro 
vides a small positive voltage to the non-inverting input 
of the comparator to ensure that the output state of the 
comparator is high under these circumstances. 
The various 0.1 pF capacitors (except capacitor 506) 

are simply bypass capacitors of little functional impor 
tance. 

Capacitor 502 (at the input of comparator 701 in FIG. 
4) is omitted from FIG. 9 because the input capacitance 
at pin 2 of comparator 701 is suf?cient for this purpose. 

Speci?c component values in the illustrated embodi 
ment are shown in TABLE II: 

TABLE II 

_12i_‘.>_d£§_ 
44l 1N57ll 
442 lN57l 1 
4-43 lN57l l 
444 1N57ll 
445 lN57ll 

22mm 
501 10 pF 
502 Input capacitance of comparator 70] 
s03 10 pF 
504 4.7 “F 
505 0.47 uF 
506 0.] PF 
507 see below 
503 0.1 “F 
509 0.] pl: 
510 see below 
Sll see below 
512 see below 
5l3 0.1 pF 
514 0.01 a? 
515 0.1 “F 
516 0.1 ,tF 
$17 0.1 uF 
518 0.1 pF 
519 0.1 pF 
520 0.1 pF 

R_=si$1_m_ 
601 See below 
602 See below 
603 270 Q 
604 l KO. 
605 1 KO. 
606 2 KO 
607 30 X9 
608 1 K9 
609 1 KO 
610 100 K!) 
611 1(1) K!) 
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TABLE II-continued 

6l2 1 KO 
613 100 Q 
614 1 M9. 
615 1 KO 
616 100 Q 
617 510 Q 
618 1 KO 
619 100 O 
620 510 (I 
621 5 0. (This value depends on the RF transistor used) 

Chokes 

404 small compared to 406; absolute value depends on transistor 
chosen 

406 large, compared to 404 
414 of suf?cient size to allow chosen transistor to operate 

properly 
Active F‘ 

451 l 74HC4016 Bilateral Analog Switch 
452 { 741-164016 Bilateral Analog Switch 
453 3 741104016 Bilateral Analog Switch 
701 MAX903 voltage comparator 
702 MPS2369 transistor 
703 CA3l3O operational ampli?er 
704 MAX903 voltage comparator 
705 MAX903 voltage comparator 
706 MPS2369 transistor 
707 i 74HC4016 Bilateral Analog Switch 
708 MPS2369 transistor 
709 74BCT25244 

The values of capacitors 507, 510, 511, 512 depend on 
the RF frequency of the Class C ampli?er. They are RF 
bypass capacitors of sufficient size to be effective at 
radio frequencies but never large enough to prevent 
capacitor 506 from being dominant at the gating or 
modulation frequency. The values of resistors 601, 602 
depend on the magnitude of the RF drive, and on the 
power capability and gain of the transistor. These val 
ues are speci?c to the ampli?er, but are chosen to pro 
vide about 1 volt at their intermediate node. If not spe 
ci?cally enumerated above, remaining elements are 
readily capable of understanding and implementation 
by those skilled in the art. 

Thus, in view of the foregoing, it will be appreciated 
that the invention provides an ampli?er, an enhance 
ment circuit for an ampli?er, and a method of enhanc 
ing the performance of an ampli?er. 

In particular, the invention provides an enhancement 
circuit for enhancing the performance of a Class C 
amplifying device in an ampli?er, by reducing rise time 
deterioration and fall time deterioration experienced in 
response to an input signal having sharp rising and fall 
ing edges, the enhancement circuit causing the Class C 
amplifying device to function as a Class A ampli?er 
during the rise time of the input signal, and causing the 
Class C amplifying device to function in cutoff during 
the fall time of the input signal. 
The invention further provides an ampli?er apparatus 

having a Class C amplifying device for amplifying an 
input signal having at least a ?rst level and a second 
level, the Class C amplifying device exhibiting a rise 
time deterioration and a fall time deterioration, in com 
bination with the enhancement circuit described above. 
More speci?cally, the invention provides an embodi 

ment of an ampli?er apparatus having a Class C ampli 
fying device for amplifying an input signal having at 
least a ?rst level and a second level, the Class C amplify 
ing device exhibiting a rise time deterioration and a fall 
time deterioration. The ampli?er apparatus further has 
an enhancement circuit with the following elements: a 
circuit for generating a detected signal in response to 



5,281,925 
11 

the input signal; a ?rst reference generation circuit for 
providing a ?rst reference in response to the input sig 
nal; a fall time comparator for comparing the detected 
signal to the ?rst reference and for providing a ?rst 
comparison signal; a second reference generation cir 
cuit for providing a second substantially invariant refer 
ence; a rise time comparator for comparing the detected 
signal to the second reference and for providing a sec 
ond comparison signal; and a multiplexer for controlla 
bly combining the ?rst and second comparison signals 
and- providing a current control signal to the Class C 
amplifying device so that it operates as a Class A ampli 
fying device during the rise time and operates in cutoff 
during the fall time, to reduce the rise time deterioration 
and fall time deterioration. 
Even more speci?cally, the invention provides a pre 

ferred embodiment of an ampli?er apparatus for reduc 
ing rise time deterioration and fall time deterioration 
experienced in response to an input signal having sharp 
rising and falling edges, the ampli?er having the follow 
ing elements: an RF input port for receiving the input 
signal; a Class C amplifying device for amplifying the 
received input signal; a peak detector for detecting a 
peak value of the received input signal so as to provide 
a detected peak signal; a ?rst holding circuit for holding 
the detected peak signal for a duration of an input pulse 
occurring between the rising and falling edges of the 
input signal, the detected peak signal being held at a 
central node; a ?rst comparator for changing state a 
given time delay after the input pulse begins, the given 
time delay assuring the received input pulse has substan 
tially reached its maximum value; a monostable pulse 
generator for generating a short pulse in response to the 
changing state of the ?rst comparator; a second holding 
circuit for holding a falling edge reference that is pro 
portional to the detected peak signal on the central 
node; a ?rst switch that is closed by the short pulse from 
the monostable device for the duration of the short 
pulse, so as to connect the central node to the second 
holding circuit; a fall time comparator for comparing (i) 
the detected peak signal and (ii) the falling edge refer 
ence, and for providing a fall time switching signal; a 
rising edge reference generation circuit for providing a 
substantially invariant rising edge reference; a rise time 
comparator for comparing (i) the detected peak signal 
and (ii) the rising edge reference, and for providing a 
rise time switching signal; a multiplexer for providing a 
current control signal, the multiplexer including a por 
tion for selecting the fall time switching signal after the 
detected peak signal exceeds the rising edge reference 
but before the detected peak signal subsequently falls 
below the falling edge reference, so that the amplifying 
device is provided current so as to operate as a Class A 
amplifying device during the rising edge of the input 
pulse so as to reduce the rise time deterioration, and a 
portion for selecting the rise time switching signal after 
the detected peak signal falls below the falling edge 
reference but before the detected peak signal subse 
quently exceeds the rising edge reference, so that the 
amplifying device no longer receives substantial current 
so as to cause it to operate in cutoff during the falling 
edge of the input pulse so as to reduce the fall time 
deterioration; and a current control signal differentia 
tion circuit, disposed between the multiplexing means 
and the amplifying device means, for providing to the 
amplifying device means a current waveform that is a 
shaped version of the current control signal. 

15 

40 

45 

50 

55 

65 

12 
The invention also provides a method of enhancing 

performance of a Class C amplifying device in an ampli 
?er, by reducing rise time deterioration and fall time 
deterioration experienced in response to an input signal 
having sharp rising and falling edges, the enhancement 
method including the steps of receiving the input signal; 
causing the amplifying device to operate a a Class A 
ampli?er during the rising edge of the input signal; and 
causing the amplifying device to operate in cuto?" dur 
ing the falling edge of the input signal. 

Modi?cations and variations of the above-described 
embodiments of the present invention are possible, as 
appreciated by those skilled in the art in light of the 
above teachings. For example, the various component 
values and component types may be varied in accor 
dance with principles known to those skilled in the art. 
Also, the edge enhancement principles may be applied 
to amplifying and switching devices, and in environ 
ments, other than those which are speci?cally disclosed 
above. Moreover, the particular choice of ground and 
positive voltages as levels for digital signals is made 
purely for the sake of convenience, and should not limit 
the scope or applicability of the invention. It is there 
fore to be understood that, within the scope of the ap 
pended claims and their equivalents, the invention may 
be practiced otherwise than as speci?cally described. 
What is claimed is: 
1. An enhancement circuit for enhancing perfor 

mance of a Class C amplifying device in an ampli?er, by 
reducing rise time deterioration and fall time deteriora 
tion experienced in response to an input signal having 
sharp rising and falling edges, the enhancement circuit 
comprising: v 

?rst means for causing the Class C amplifying device 
to function as a Class A ampli?er during the rise 
time of the input signal; and 

second means for causing the Class C amplifying 
device to function in cutoff during the fall time of 
the input signal. 

2. The enhancement circuit of claim 1, wherein the 
?rst causing means includes: 
means for injecting current into the base-emitter junc 

tion of a bipolar transistor that comprises the ampli 
fying device. 

3. The enhancement circuit of claim 1, wherein the 
second causing means includes: 
means for substantially cutting off current passing 

through the base-emitter junction of a bipolar tran 
sistor that comprises the amplifying device. 

4. The enhancement circuit of claim 1, wherein the 
?rst and second causing means collectively include: 
means for switching on a current pulse early in the 

rise time of the input signal; and 
means for cutting off current early in the fall time of 

the input signal. 
5. The enhancement circuit of claim 1, wherein the 

?rst and second causing means collectively include an 
in-series arrangement of: 

a peak detector; 
a comparator; 
a monostable pulse generation device; 
a storage device storing a charge proportional to and 

less than a peak value of the input signal; I 
two comparators, arranged in parallel, receiving a 

detected input signal and respective threshold sig 
nals; and 

a control device responsive to the two comparators 
and providing a current control signal to the ampli 
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fying device which causes the amplifying device to 
generate sharper rising and falling edges. 

6. An ampli?er apparatus, comprising: 
a) a Class C amplifying device means for amplifying 
an input signal, the Class C amplifying device 
means exhibiting a rise time deterioration and a fall 
time deterioration experienced in response to an 
input signal having sharp rising and falling edges; 
and 

b) an enhancement circuit for enhancing performance 
of the Class C amplifying device means, by reduc 
ing the rise time deterioration and fall time deterio 
ration, the enhancement circuit comprising: 
l)'?rst means for causing the Class C amplifying 
device to function as a Class A ampli?er during 
the rise time of the input signal; and 

2) second means for causing the Class C amplifying 
device to function in cutoff during the fall time 
of the input signal. 

7. An ampli?er apparatus, comprising: 
a) a Class C amplifying device means for amplifying 

an input signal having at least a ?rst level and a 
second level, the Class C amplifying device means 
exhibiting a rise time deterioration and a fall time 
deterioration; 

b) an enhancement circuit, including: 
1) means for generating a detected signal in re 
sponse to the input signal; 

2) ?rst reference generation means for providing a 
?rst reference in response to the input signal; 

3) fall time comparison means for comparing the 
detected signal to the first reference and for 
providing a ?rst comparison signal; 

4) second reference generation means for provid 
ing a second substantially invariant reference; 

5) rise time comparison means for comparing the 
detected signal to the second reference and for 
providing a second comparison signal; and 

6) multiplexing means for controllably combining 
the ?rst and second comparison signals and pro 
viding a current control signal to the Class C 
amplifying device means so that it operates as a 
Class A amplifying device during the rise time 
and operates in cutoff during the fall time, to 
reduce the rise time deterioration and fall time 
deterioration. 

8. An ampli?er apparatus for reducing rise time dete 
rioration and fall time deterioration experienced in re 
sponse to an input signal having sharp rising and falling 
edges, the ampli?er comprising: 

a) an RF input port means for receiving the input 
signal; 

b) a Class C amplifying device means for amplifying 
the input pulse; 

c) a peak detector means for detecting a peak value of 
the received input signal so as to provide a detected 
peak signal; 

d) ?rst holding means for holding the detected peak 
signal for a duration of an input pulse occurring 
between the rising and falling edges of the input 
signal, the detected peak signal being held at a 
central node; 

e) ?rst comparator means for changing state a given 
time delay after the input pulse begins, the given 
time delay assuring the received input pulse has 
substantially reached its maximum value; 

i) a monostable means for generating a short pulse in 
response to the changing state of the ?rst compara 
tor means; > 
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g) second holding means for holding a falling edge 

reference that is proportional to the detected peak 
signal on the central node; 

h) a ?rst switch that is closed by the short pulse from 
the monostable device for the duration of the short 
pulse, so as to connect the central node to the sec 
ond holding means; 

i) a fall time comparator means for comparing (i) the 
detected peak signal and (ii) the falling edge refer 
ence, and for providing a fall time switching signal; 

j) a rising edge reference generation means for pro 
viding a substantially invariant rising edge refer 
ence; 

k) a rise time comparator means for comparing (i) the 
detected peak signal and (ii) the rising edge refer 
ence, and for providing a rise time switching signal; 

I) multiplexing means for providing a current control 
signal, the multiplexing means including: 
1) means for selecting the fall time switching signal 

after the detected peak signal exceeds the rising 
edge reference but before the detected peak sig 
nal subsequently falls below the falling edge 
reference, so that the amplifying device means is 
provided current so as to operate as a Class A 
amplifying device during the rising edge of the 
input pulse so as to reduce the rise time deterio 
ration; and 

2) means for selecting the rise time switching signal 
after the detected peak signal falls below the 
falling edge reference but before the detected 
peak signal subsequently exceeds the rising edge 
reference, so that the amplifying device means 
no longer receives substantial current so as to 
cause it to operate in cutoff during thefalling 
edge of the input pulse so as to reduce the fall 
time deterioration; and 

m) a current control signal differentiation circuit, 
disposed between the multiplexing means and the 
amplifying device means, for providing to the am 
plifying device means a current waveform that is a 
shaped version of the current control signal. 

9.3K method of enhancing performance of a Class C 
amplifying device in an ampli?er, by reducing rise time 
deterioration and fall time deterioration experienced in 
response to an input signal having sharp rising and fall 
ing edges, the enhancement method comprising the 
steps of: 

receiving the input signal; 
causing the amplifying device to operate as a Class A 

ampli?er during the rising edge of the input signal; 
and 

causing the amplifying device to operate in cutoff 
during the falling edge of the input signal. 

10. The method of claim 9, further comprising the 
steps of: 

sensing the rising edge and falling edge of the input 
signal; and 

generating a rising edge threshold voltage and a fall 
ing edge threshold voltage which are used in the 
two causing steps. 

11. The method of claim 10, wherein the step of gen 
erating a falling edge threshold voltage includes the 
steps of: 

sensing a maximum value of the input signal; and 
determining the falling edge threshold value to be 

substantially proportional to the maximum value of 
the input signal. 

12. The method of claim 11, wherein the step of de 
termining the falling edge threshold value includes: 

determining the falling edge threshold value to be 
approximately 90 percent of the maximum value of 
the input signal. 
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